
IfeSI uh1 grants' HUrty only to who love U.
Tim ihal of. miiluigbt is the ooon of thought,

and are always mulv to guard and defend it.And Wimloiu iihiuiiIh LrT auith with tin tan.
-- Mn. Jtarhauldl: WML Webster..;;'

HONOLULU, TERRITORY OF HAWAII, SATUR D.YvO( TTO BER 14, IMG. TWKNT Y-- Tl I RKI )

PFkACTICAL iNlnQBiMATIOK ENTIRE PURCHASE

fig, ADUU I J ieJM01I-,lv- 3
ptoce of ms
to de im:::RELATIONS OF CUR

RESISTANCE IN ELECTRICAL SYSTEM EXPLAINED
Herewith, is presented the third in-

stalment of a weekly series of arti-
cles designed to five ihe motorist the
knowledge necessary to enable him to
care for and repair any and all of the
electrica features of his car, no mat-- ,

ter what make or model it may be.
With the ground 'work well laid bv

ptudy of the early portion of the se -

rls, the reader wiU be able to think
chTtrieally, and a tangle of wire un-

der a car or a tangle of lines on a
. wiring diagram will become clear.

The articles are reproduced, by per-
mission from Motor Age, for which
they are prepared by David I'eun
Moreton and Darwin S. Hatch.

If a water circuit is composed of
. two pipe's and they are connected in

the manner Indicated .at A and II In
t - Figure 1, they are said to be connect-

ed In parallel or multiple. There are
. two pains in wmcn the water ' may

flow in passing along the circuit from
the point A to the point B, and Just as

. much water is returning to the pump
in a' given 'time as Is leaving It The
quantities of water passing through
the different pipes In a given time or
the currents of water In the different
pipes : connected In parallel are not
necessarily eqtial unless the resist- -

.. ances of the different pipes are the
name. The water is not used up In the
operation of such a circuit.

An electrical circuit composed of
two or more different wires oT per-- '
haps different sizes, length! 'and ma-
terial, and connected as shown in Fig-
ure 2. Is called a multiple or parallel
circuit In this case there are as
many paths for the electricity to flow
through in passing from the positive
terminal to the negative terminal.
through the circuits outside the bat-
tery, as there are different wires In
p&ralleh Just as much electricity Is
returning to the battery in a given
time as is leaving the battery.' The
quantities " of electricity passing
through the different paths in one sec-
ond or the currents In the different
paths of the parallel. circuits are not
cecesBarily. equal unless the resist- -

fences of the. different path are th,el
Fame. yust remeiBDer tnai ue eiec---v-r- -.

tricitjr i not' used: up In ; the opera- -

tlon of iuch a circuit, v. - '..

A parallel water circuit is found In
the operation of the cooling system
of .a motor car engine, as shown in
Figure 3. In this case the water Jac-- ;

kets of the four cylinders are all con-- :
nected in parallel, and the pump
forces the water through the water
jackets and. radiator. The current of
water through the pump and radiator
is the same and equal to the combin-
ed currents through the four water
jackets. The currents In the different

. water jackets are not necessarily equal
' unless the opposition offered to the

flow of water through the different
jackets is the same in each case. It
is obvious that if the water jacket
of one cylinder offers & greater op-
position to the flow of the water than
the other water jackets there will be
a smaller current through "this jacket
than through the others. The water
jacket offering the greatest opposi-
tion to the flow of water will have
the smallest current, while the water
jacket offering the smallest opposition
always will have the largest current
The current in the remaining paths
will have a value somewhere between
the above maximum and minimum va-- .
lues. r

When the headlights on a motor
. car .are connected, as shown in Fig--'

ure' 4, they form a typical parallel
electrical circuit Just as much elec-
tricity returns to the battery in a
given time as, leaves the batteryThe

" current in each of the lamps is not
necessarily the same. Remember, the
electricity is pot Consumed in ' the

-- lamps. ' . ? '

Resistance of Parallel Circuits
Since the resistance' offered by a

pipe to the free flow of water through
it decreases with an increase in the
size of the pipe, the length remaining
constant, it is evident that the resist-
ance offered by two pipes connected
in parallel will be less than the re-

sistance of, a single pipe. If the two
pipes are of exactly the same size and
length they will, when connected In

. parallel, offer cue. half of the resist
ance to the flow of water through the
circuit that is offered by a single

'; pipe.
For convenience the two pipes, as

shown in Figure 5, might be consld-..".- -

ered as being equivalent to a single
..';'.' pipe, as shown in Figure 6, whose

length is the same as that of each of
the two pipes and whose area, is equal
to the combined area of two" pipes,
w hich a 111 be twice that of either pipe,
since the pipes are equal In area. The
resistance of this large pipe, which, is
to- - replace the two smaller ones, will
be one-ha- lf of that, of either of the
single small pipes, since its area is
equal to twice the area of either of
the two small pipes. . .

Two wires of the same size and
. length and of the same material will,

when connected in parallel, offer a re---

sistance which is equal to the resist-
ance of a wire of the same material
and having the same length but hav-

ing an area equal to twice the area of
either wire. Thus the resistance of

. two wires of the same dimensions and
material will oifer, when connected in
parallel, one-ha- lf of the resistance of
either wire alo.ie.. Any number of
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electrical - resistances " connected In
parallel might be thought of as being
equivalent to a number of wires of the
same length and material but having
thfe same or different areas, i Their
combined resistance, then, will, be
equal' to the resistance of a single
wire of the same material and. same
length and whose area is equal to the
sum of the areas of the several. differ-en-t

wires.
Various Resistances

For examphe, if two resistances of
G and 3 ohms, respectively; be con-
nected in parallel their combined re-

sistance may be determined as fol-

lows: '

For conTenIer.ee let us assume that
these two resistances are two wires
of the same material and that they, are
equal in length. Then the area of the

wire will be twice the area of
the wire, since Its resistance is
one-hal- f as great, the area increasing
as the resistance decreases. The two
wires will have a combined area equal
to three times the area of the m

wire. The resistance of a wire whose
area is three times that of another
wire of the same material and having
the same length will , be one-thir-d of
the resistance of the smaller wire.:

Hence the resistance of a wire
which may replace the two wires is
equal to one-thir- d the resistance of
the wire, or 2 ohms.

Suppose -- three resistances of 4, 3
and 12 ohms, respectively, be connect-
ed in parallel. Their combined resist-
ance may be determined as follows:

Again us assume that these re-

sistances are three wires of the same
material and all have the same
length; hen the area of the. m

wire will be three times as great as
the area of the 12-oh- wire and the
area of the wire will be four
times as gr?at'

as the area of the 12-oh-

wire. '

The three, wires will have a com-
bined area equal to 1 plus 3 plus 4,
or eight times the area of the 12-oh-

wire. : This equivalent wire, whose
area is eight times the area of the 12-oh- m

wire, will have a resistance equal
to one-eight- h of the 12-oh- wire. Or
1 1-- 2 ohms.

Any p umber of resistances may be
combined iu the above manner
first assuming them as composed of
the same material and having the
same length and then replaced by a
wire of the same material and same
length, but having an area equal to
the combined area of the ; several
wires.
Conductance

The resistance of the electrical cir-
cuit is a property of the circuit which
opposes the free flow of electricity
through the circuit, and it is measur-
ed, in a unit called the ohm. The
property of the circuit which permits
the electricity to flow, or that prop-
erty which is just the opposite of re-
sistance and is equal to V divided by
the resistance in ohms, is. called the
conductance of the circuit, and it is
measured in a unit called the; ohm. It
is interesting to note that the unit in
which the conductance is measured
is the unit of resistance, the ohm,
spelled ba Award.

The .resistance of a parallel circuit
may be determined by merely, adding
the conductances of the several parts

tr circuit
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Just as the resistance. Of a series cir-
cuit may be - determined by adding
the resistance of the different parts.
For example, if two resistances of 6

and 3 ohms,-- respectively, con-
nected in parallel their resistance may
be determined as follows: The con-
ductance of the m branch will be
equal to t divided by 6, or 1-- 6 mho,
and the conductance of the m

branch will be equal. to 1 divided
3, or 1-- 3 mho. The total conductance
of the divided circuit will be equal to
the sum Of the conductances of the
two branches, or total conductance
equals 1 plus equals 3-- 6 mho.
Since the conductance of a circuit is
equal to 1 divided by the resistance,
then the above relation may be writ-
ten as follows: ' v

', .1- 3-- 6 --

resistance
or the resistance6-3- 2 ohms

Suppose three resistances of 6, 3 and
12 ohms, respectively, be connected
in parallel, then their combined re-

sistance may be determined as fol
lows.: - .V: 7;

total' conductancel-- 4 --f 1-- 4-1--3

.

then -8-- 12

'. resistance
or, the resistauce12-8l"- 4 ohms.

If two headlights whose resistances
are 4 and 2 ohms respectively, be
connected In parallel, what will be
the value of their combined resist-
ance! The conductance of the two
branches of tne divided circuit form-
ed by the two lamps will be one-fourt- h

and one-ha- lf mho, respectively, and
the total conductance: will be: --

total
tounductance,i 1- -2

U 2-- 4

mbo
1 :

then :

resistance
or. the resistance 4-- 3 ohms.
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allel circuit . at any inktan t is exactly
the same, since each branch Is con-
nected between the- - same two points.
If several lamps are connected in par-
allel the pressure acting on each of
the lamps will be the same, regard-
less of their candle power or voltage
ratings.
Current Relations for Parallel Circuit

'If two pipes of the same size and
8am e length be connected In parallel
and the'eombination in turn connected
to a pump, the current of water in
each of the pipes will be the same,
since they each offer the same resist-
ance and the same pressure is acting
on each of them. If, however, one of
the pipes be longer than the other,
their size being the same, or if
pipe be smaller than the other, their
lengths being the same, the current of
water in the two pies will not be the
same. The current of water in the
pipe which offers the greater resist-
ance will be less than the current of
water in the pipe which offers the less
resistance. For example, if the re-

sistance of one pipe is twice as great
as the resistance of the other pipe,
then the current in it will be one-ha- lf

as great as the current in the other
pipe

If two equal electrical resistances
be connected in parallel they will each
carry the same current. For example,
if two 12-vo- lt headlights of the same
make and same candle power be con-

nected in parallel to a 12-vo- lt battery
the current in each of the lamps will
be practically the same. 'The total
current supplied by the battery will
be equal to the sum of the" currents
in the two branches If, however, two
resistances which are unequal in va-

lue be connected in parallel the cur-

rent in the resistances will not be the
same. ;

The branch of the divided circuit
having the larger resistance will carry
the smaller current while the. branch
of the divided circuit having the
smaller resistance will carry the larger

a combined resistance of 1 1-- 3 ohms. current The total current supplied to
When any number equal resist-- ; the divided circuit will be equal to

ances are connected in parallel the to ' the sum of the currents in the two
resistance Js equal to th6 resist- - branches, regardless of whether these

ance of one of the resistances divided ' are equal or not. Thus, if two
by the number, of resistances connect- - j lamps which take currents of 3 and 2

ed In parallel. For example, if six amperes, respectively, be connected
4hm lamps are connected in parallel in parallel to the terminals of a 6-t-

total resistance of the comblna--, volt battery the total current taken
tion.will be equal to 4 divided by 6. or by the lamp will be equal to 3 plus 2,
2--3 ohm. Remember, this method of or 5 amperes.
determining the resistance of a paral- - j From, the above discussion it is ob-l- el

circuit holds true only when . the vious that lamps made to operate on
value of-- the different resistances is different voltages canuot be operated
the same. satisfactorily in parallel, because if

If pressure gauges be connected to the voltage is adjusted to the proper
the water cfc-cu- it at the points A and l value for lamp it is not correct
B, as indicated in Figure 7, the differ the other. In the case of the series
ence in the readings of the two J circuit the lamps had to take ' the
gauges will represent the pressure act-- . .ame current in order to operate sat-
ing on each of the pipes forming the isfactorily in series,
parallel cirpuit It is obvious, from j - The relation of the currents in the
an inspection of this figure, that the two branches of a divided circuit is
pressure acting on each of the branch- - just the reverse of the relation be-

es of a parallel or divided circuit is 'itween the resistances of the two
at each instant exactly the same. branches of a divided circuit are 4

If a voltmeter be connected to the and 8 ohms, respectively, then the
electrical circuit at the points A and current in the m branch will be
B, as indicated in Figure 8, the.pres-- ' twice as great as the current in the
sure indicated by the voltmeter will 8 ohms, since the resistance of the
represent the value of the pressure branch is one-hal- f the resist-actin- g

on-th- e divided circuit, and it is ance of the branch,
cbvious that the pressure acting on! The total current supplied to a
each of the several branches of a par-- parallel circuit of any number of
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branches is equal to the sum of cur-
rents in all of the different branches,
and the relation of the currents in
the different branches is Just the re-
verse of the relation of the. resistance
of the different branches.
Examples Illustrating Relations

If three resistances of 6, 3 and 2

the different branches will be as fol-
lows: The current in the re-

sistance will be equal to three times
the current in the m resistance
and and one-hal- f times the current in
the m resistance. The current in
the m resistance will be equal to
twice the current in the m re-

sistance and two-third- s of the current
in the resistance. The current
in the coil w ill be equal to one-ha- lf

of the current in the coil
and one-thir- d -- of the current In the

m coil.
The resistance of the winding of an

electric heater which is made to oper-
ate on a 12-vo- lt battery is 3 ohms.
What will the. resistance of this heater
be if a second winding of 6 ohms is
connected in parallel with the first
winding, and what current will th
heater take from a 12-vo- lt battery
after the second winding is put In
place? ;

The combined conductance of the
two windings is equal to

mho; '

then the resistance will be equal to
6 divided 3r or 2 ohms

The current taken the m

winding will be equal to 12 divided by
6, or 2 amperes, and the current taken
by the ra winding will be equal
to 12 divided by 3, or 4 amperes. The
total current taken the heater after
the second winding is put in place will
be equal j.o the sum of the currents
taken by the two windings; that iv
2 plus 4, or 6 amperes.

The total current can be obtalnetl
by dividing the pressure acting on th
heater by the combined resistance of
the two windings, as follows:

"

12 .,
1 6 amperes r . '

-;- .v;::.2 , ;
Combined Series and Parallel Circuit

An electrical circuit may a com-
bination of one-o- r more series and
parallel circuits, as shown in Figure
9, which represents two headlights in
parallel with each other, and this com-
bination in turn connected in series,
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with a resistance, R, and a storage
battery. Tills is the principle used
in some methods-o- f dimming head-
lights. The ; sum of the current
through, the two lamps is equal to the
total current or the current in the re-

sistance. The total resistance of this
circuit is equal to the sum of the re
sistanoe of the parallel portion and ,

the reaistahce of the remainder of the
circuit For exampleif the resistance
of the two lamps. is 4 ohms each and
the resistance of: the .coil in series
is 3 oht's the total resistance can
determined as folliows: .

Since the two Jfcmps have equal re-

sistances, their combined resistance
will be equal to 4; divided by 2. or 2

ohms, the tot.il resistance will be
equal to 2 plus 3, or & ohms.

If -- the voltage otf the battery is !

volts the current in, the circuit will be
equal to divided by 5, or 1.2 amperes.
The valf:e of the current in each o

the lamps will be tlifr same, since the
two iatli3 ol the divided circuit havo
the tare resistance, ; or one-hal- f of
the1 1.2. or ,6 ampere. The pressure
over the two lampn In. parallel will
be the saoae part of-th-e total pressure
as the resistance of. the two lamps in
parallel i3 a part of the total resist-
ance. The resistance of the two lamps
iri panClel is 2 ohms. ' and the total
resistance is 5 ohras. Hence, the pre
sure o.r tne lamps wui De niuui u
2--5' of 6; or 2.4 volte.
t The . )ressure . over the ili re"

BistanceTwill be equal to 3-- 5 of 6, or 3.6

volts. Or if the drop over oner rart
of the circuit is known the drop over
the ot ier ) part will be equal to- - tie
total i ircssure minus the drop cm.t
the first part Thus, the drop over th
two lajnps in parallel is 2.4 vots.
Then tte drop over the Sohm resist-
ance will be equal to 6 minus 2.4, or
3 6 voftj.
Pressurss in Parallel
If two j umps be connected, as sho'-r.- i

in Figurte 10, they are said to be cou
nected is, parallel, and the sum of tee
currents? 6f water through the two
pumps will be equal to the total. cur-

rent in the main pipes and water
motor. 31, provided the curren ts in
the two pumps are both in the same
direction; that is, say, from the point
A to the point B, as indicated.

Let us assume that the valve V In
the main, current rf closed ' so that

r '(Continued on page 25 )"

Goodyear Tire Co. Gives Be:
Full Purchase Price on S.--V.

Tires Which Fail

When the Hood) ear Tire & Rubb-Compan- y

announced Its offer son- -

time ago to reruna ine entire . p1- -
i Jrhas price- if GTHdyrar s--v tires fall
ito prove suirjor xo compeiing mas
tn abasis of cost per. mile, ma
trurk tire users naturally wonder
how it was pissiM to make such
sweeping and Jsltiv challenge.

l.ater it developed 'that tne U
ytar ronuiany had used Its offer
the records of riOOO test tires a:
knew positively just what the tir
would do. The response to the cl.
lenge on the part of truck owners w.
niaRniflci-n- t and rendered it a co:
plete success. '

At the termination of the offer o:.'
a few tires- - of the many hundr
soid had failed-a- g the best of ti.
occasionally will. So that Ooodye

's emerged triumphantly after
campaign unique in motor truck V.

history. ;

"Durins the past few months, s:
Y W. Martin. Jr., Manager of t

Goodyear motor truck tire dey
ment. "we have received many v:
able testimonial letters from the o
ers of these tires, which prove cv
more than we claimed for thent

We have been jotting down t'
mileage mentioned. In these let t

from satisfied customers, and 1"

found that 's have made aver
mileages of what were formerly c

sidered exceptional mileages so V
not only do these tires cost least '

mile, but they show the greatest &

age mileage.
"A list of mileages from 700 of

s--v tires, selected at random, sh
an average of 13.703. miles ler tir.
date nearly double cur written n
age guarantee of 7000 miles.
of them are not half worn out Na'
ally we feel that our position in :

motor truck tire world is practL.
unassailable." - ,

"S-- V tires are pressed on the :

by hydraulic pressure. They
forced on the wheel base under
average pressure of 75 tons. r.

prevents any possibility of ere5;
and eliminates all auxiliary .r
ings." ,;'
"DEATH VALLEY DODGE '

TREKS INTO MEXICO I.

- GREAT TOURING TH!

With the return of "Death W
Dodge" to Ims Angeles a few days
this car'of. many travels TInisheJ
other run of unusual interest.

'ow-a-lay- s Mexico is shunned
every motorist but despite that :

"Death Valley Dodge" was driven f

Calexico through Mevicali and
to the recently exploited mud vo'r
that are creating such a distur
far down in the Mexican Pen!.,
south of Imperial valley.

According to Fred Alkire, who d

the famous old car on this; its 1

journey, it was a trip to test
stamina of both car and river.

"The only roads through that
gion," said Mr. Alkire, "are r
trails, first along the banks of the
gation ditches, then across the
quite covered mesas, and finally
the barren alkali slopes, leading
to the base of the mud volcano.

No car had ever climbed to '

point before, and few if any wfll
make the attempt again. .

Often',
we were up to the hubs in sand.
across bottomless sloughs a xn:'.

more in width, where we were over
running board in liquid mud.
last, pull up the mud volcano slcr
car was warped and twisted as it
lifted one wheel over 'a -- thre:
mud hummock, only to plungr?
and through a hole equally as

jThe mud volcanos cover a
area where there are miniature
sers, black oozing mud being ej
above the surrounding surfac
though it were some gigantic ca!
filled with boiling molasses.

"The surrounding air is fu
steaming stench and it was with
that we approached the crater's
fearing that we would pay witi
lives the penalty of our darln;.

"The return trip of 40 miles
made without mishap in spite cf
terrific strain to which the car
been put in making the out
Journey. Not one single mecn;
mishap occurred, though If It h :

would have been in a sorry pllgh
no one in our party had the lea
of mechanical ability. Our very
depended on the reliability of 'I
Valley Dodge. and the old v.
of many desert battles main La ! --

reputation as it has on every c

Its many trips heretofore throu
mountains and deserts of the i

west".-:- ' ;..-.- ' .. '
.'.,

FOULING SPARK PLUG
.

. KEPT LOW BY GOCC

Rurning of the gasoline and
eating oil in the cylinders by th
pioslon of the ases causes c:

to free itself and adhere to the
der watts, spark plugs and pir.

the form of nearly pure car'
high: rade oil, with the pre;
line mixture and tight p!tcr
which will keep surplus oil t

pistons' where it belongs, will
spark plug fouling to the mini.

If a motor, misses surplus, c

collect ia the plug, there beL
j to burn itu and cause fou


